Abstract: Many marine bays have been polluted by many pollutants, and identifying the major pollution sources is essential to pollution control. This paper analyzed the distribution and pollution source of Cd in Jiaozhou Bay in 1988. Results showed that Cd contents in surface waters in Jiaozhou Bay in April, July and October 1988 were 0.09-0.12 μg L -1 , 0.10-1.07 μg L -1 and 0.03-0.040 μg L -1 , respectively. This bay had been slight contaminated by Cd in 1988. The major sources of Cd were river flow, marine current, and atmospheric deposition, whose source strengths were 1.07 μg L -1 , 0.12 μg L -1 and 0.04 μg L -1 , respectively. River flow was the major Cd source in 1988 since a big part of Cd generated by human activities were washed to and delivered by river flow, and discharged to marine bay finally. Finally, a block diagram model was provided to described these three input paths via land, ocean and atmosphere.
Introduction
Cd is one of the widely used heavy metal elements, and the use amount of Cd has been increasing along with the rapid increasing of industry [1] [2] [3] . As a result, the land, ocean and atmosphere a polluted by Cd, and the excessive existence of Cd is harmful to human and ecosystem since Cd in high toxic [4] [5] . Hence, identifying the major source of Cd is essential to pollution control.
Jiaozhou Bay is a semi-closed bay located in Shandong Province, China, and has been polluted by various pollutants including Cd in the past decades [6] [7] . Based on investigation on Cd in surface waters in April, July and October 1988 in Jiaozhou Bay, the aim of this paper is to identify the pollution source of Cd, and to provide basic information for scientific research and pollution control.
Study area and data collection
Jiaozhou Bay is located in the south of Shandong Province, eastern China (35°55′-36°18′ N, 120°04′-120°23′ E), with the total area and average water depth of 446 km 2 and 7 m, respectively. The bay mouth is very narrow (3 km), and is connected to the Yellow Sea. There are a dozen of rivers including Dagu River, Haibo Rriver, Licun Rriver, and Loushan Rriver etc., all of which are seasonal rivers [8] [9] .
The investigation on Cd in surface waters in Jiaozhou Bay was carried on in April, July and October 1988. In April and July, there were 13 monitoring sites (i.e., 31, 32, 33, 34, 35, 36, 84, 85, 86, 87, 88, 89 and 90), while in October there were 6 monitoring sites (i.e., 84, 85, 86, 87, 88, and 89) (Fig. 1 ). Cd in waters was sampled and monitored follow by National Specification for Marine Monitoring [10] . (Table 1 ). In according Sea Water Quality Standard (GB3097-1997), the pollution levels of Cd in Jiaozhou Bay in 1988 were still slight. April, July and October were spring, summer and autumn in study area. It could be found that Cd contents in Jiaozhou Bay were in order of summer>spring>autumn. Meanwhile, Cd contents in these different seasons were different in one order of magnitude. This indicated that the seasonal variations of Cd was remarkable. 
Horizontal distributions of Cd
In April 1988, high value (0.12 μg L -1 ) of Cd contents in surface waters was occurring in Site 35 in the open waters, and Cd contents were decreasing from the high value center to the bay mouth (0.09 μg L -1 ) (Fig. 2) . In July 1988, high value (1.07 μg L -1 ) of Cd contents in surface waters was occurring in Site 89 in the estuary of Haibo River, and Cd contents were decreasing from the high value center to all round, i.e., to the bay center (0.45 μg L -1 ), to the coastal waters in the south (0.10 μg L -1 ) (Fig. 3) . In October 1988, high value (0.04 μg L -1 ) of Cd contents in surface waters was occurring in Site 85 in the center of the bay, and Cd contents were decreasing from the center of the bay to to all round (0.03 μg L -1 ) (Fig. 4) . The variations of the horizontal distributions of Cd indicated that there may be different source and were responding in different seasons. 
Sources of Cd.
In according to the horizontal distributions of Cd, it could be identified that the major sources of Cd were river flow, marine current, and atmospheric deposition, whose source strengths were 1.07 μg L -1 , 0.12 μg L -1 and 0.04 μg L -1 , respectively. The source strength of river was still slight that confirmed to Grade II in 1988, while the source strengths of marine current and atmosphere deposition were very weak that confirmed to Grade I. In comparison, the source strength of river flow was about one order of magnitude higher than the source strength of marine current, and the source strength of marine current was about one order of magnitude higher than the source strength of atmosphere deposition. The horizontal variations of Cd contents in Jiaozhou Bay were mainly determined by these different major sources via land, ocean and atmosphere, and the migration processes were described in a block diagram model in Fig. 5 . The major sources of Cd were river flow, marine current, and atmospheric deposition, respectively. The source strength of river flow was about one order of magnitude higher than the source strength of marine current, and the source strength of marine current was about one order of magnitude higher than the source strength of atmosphere deposition. River flow was the major Cd source in 1988 since a big part of Cd generated by human activities were washed to and delivered by river flow, and discharged to marine bay finally.
